Europaisches 
Patentamt 



European 
Patent Office 



_ PClViroJ / 0 6 0 0 9 

Office europeen 49 
desbrevets f 1 & 4 ® 



Beschei n ig u ng Certificate 




Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingerelchten 
Fassung der auf dem nSch- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Oberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldurtg Nr. Patent application No. Demande de brevet n° 

02080508.1 



I PRIORITY DOCUMENT 

: SUBMITTED OR TRANSMITTED IN 
! COMPLIANCE WITH 

j RULE 17.1(a) OR (b) 

i 



Der President des Europaischen Patentamts; 
tm Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
P-o. 



RCvan Dijk 



EPA/EPQ/OEB Form 1014.1 - 02.2000 7001014 



«ST AVAILABLE COPY 




Europdisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 

Application no. : 02080508. 1 
Demande no: 



Anmeldetag: 

Date of filing: 20.12.02 
Date de depot: 



Anmel der/AppI 1cant( s)/Demandeur( s) : 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS -B AS 



Bezel chnung der Erf 1ndung/T1tle of the Inventlon/Tl tre de l 1 invent Ion: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrel bung. 
If no title is shown please refer to the description. 
S1 aucun tltre n»est 1nd1qu£ se referer a la description.) 

Method of manufacturing a semiconductor device and semiconductor device obtained 
with such a method 

In Anspruch genommene PrlorlSt(en) / PrloHty(les) claimed /Prlorlt^(s) 
revendlquee(s) 

Staat/Tag/Aktenzel chen/State/Date/Ft le no./Pays/Date/Numero de depot: 



Internationale Paten tklasslf 1kat1 on/International Patent Classification/ 
Classification Internationale des brevets: 

H01L29/00 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flHng/Etats contractants designees lors du depdt: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL PT SE SI SK 



02080508.1 

EPA/EP0/0EB Form 1014.2 - 01.2000 7001014 



2 



PHBE020043EPP 



1 18.12.2002 



Method of manufacturing a semiconductor device and semiconductor device obtained with 
such a method HPO-DG1 

2 2002 



The invention relates to a method of manufacturing a semiconductor device 
with a field effect transistor, in which method a semiconductor body of a semiconductor 
material is provided at a surface thereof with a source region and a drain region and with a 
gate region between the source region and the drain region comprising a semiconductor 
region of a further semiconductor material and separated from the surface of the 
semiconductor body by a gate dielectric and with spacers adjacent to the gate region used for 
forming the source and drain regions, in which method the source region and the drain region 
are provided with a metal layer with which a compound is formed of the metal and the 
semiconductor material and the drain region is provided with a further metal layer with which 
a compound is formed of the metal and the further semiconductor material. The MOSFBT (= 
Metal Oxide Semiconductor Field Effect Transistor) with a polysilicon gate obtained by this 
method, may suffer from the problem that a depletion layer effect therein may result in an - 
unwanted - reduction of the effective gate capacitance of the MOSFET and the transistor 
drive current. This effect has become a significant limitation in CMOS (= Complementary 
MOS) downscaling. Increasing the doping at the gate-gate dielectric interface can reduce said 
depletion layer, however gate doping is limited by the solubility of dopants in poly-silicon. 
Therefore alternatives to poly-silieon - or amorf silicon or monocrystalline silicon - gates 
have to found. 



A method as mentioned in the opening paragraph is known from US patent 
6,204,103, which was issued on March 20, 2001. Therein such a method is described in 
column 6 line 51 to column 7 line 10, in which the source and drain of a silicon MOSFET 
silicided with one metal layer and the gate is silicided with another metal layer, the latter 
metal layer being different for the polysilicon gates of a NMOS and of a PMOS transistor. 
This procedure offers the possibility of avoiding the above mentioned depletion effect and 
thus reduction of the effective gate capacitance may be avoided. 

A drawback of such a method is that it is rather complicated as it comprises 
different steps for sikciding source and drain on the one hand and a polysilicon gate on the 
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other hand. Moreover, it contains several other steps like a CMP (= Chemical Mechanical 
Polishing) step, which increase the complexity of the method. 



5 It is therefore an object of the present invention to avoid the above drawbacks 

and to provide a method which is simple and offers the possibility of avoiding the above 
mentioned depletion layer effect, in particular in MOSFETs with a polysilicon gate. 

To achieve this, a method of the type described in the opening paragraph is 
characterized in accordance with the invention in that before the spacers are formed, a 

10 sacrificial region of a material that may be selectively etched with respect to the 

semiconductor region is deposited on top of the semiconductor region, after the spacers have 
been formed, the sacrificial layer is removed by etching, and after removal of the sacrificial 
layer, a single metal layer is deposited contacting the source, drain and gate regions. The 
invention is based, inter alia, on the recognition that a flxll siliciding of a polysilicon gate, by 

15 which the above mentioned depletion layer effect is avoided, is possible. Moreover this may 
be done at the same time in which source and drain are silicided, provided that the thickness 
of the polysilicon gate is limited to a thickness, which is relatively small, compared to the 
standard gate thickness of current processes. The invention is further based on the recognition 
that reduction of said thickness is unwanted as the height of a gate stack would decrease 

20 which has large impacts on the technology used such as on ion implant energies and spacer 
thickness. By providing a sacrificial region on the semiconductor region of a gate stack, the 
height of the gate stack may be kept constant while the layer thickness of the semiconductor 
region is reduced. The thickness of the sacrificial region is chosen to be complimentary to the 
desired reduction of the semiconductor region. Thus the above impacts on technology are 

25 avoided and at the same time the method according to the invention is relatively simple as 

merely a single metal layer is needed for siliciding both source and drain regions and the gate 
region. The total height chosen for the gate stack depends on the technology in question, i.e. 
on the size of the actual transistor. As an example, for a standard CMOS process the standard 
semiconductor region may be e.g. 100 nm thick. In that case the semiconductor region may 

30 be reduced to e.g. 50 nm while the sacrificial region is chosen to be also 50 nm. 

The sacrificial region may be easily removed before deposition of the metal 
layer due to the fact that it can be etched selective relative to e.g the polysilicon. In this way 
the height and width, of the spacers remain unaffected as they are determined by the total 
height of the total gate stack. The etching of the sacrificial region may be either wet or dry. 
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In summary the advantages of the method according to the invention are that 
only slight changes to a standard CMOS process are required, i.e. no additions of difficult 
steps like photolithography and CMP, that it results in folly silicide gate and thus that no 
depletion effect occurs during operation of the device. Moreover, the device obtained remains 
- after removal of de spacers - relatively planar which makes the deposition, patterning and 
etching of a subsequent pre-metal dielectric layer much easier. 

In a preferred embodiment the spacers are formed by depositing a layer of a 
dielectric material on top of foe semiconductor body on which foe gate region with foe 
semiconductor region and foe sacrificial region is present and by subsequently removing foe 
deposited layer on top of and on both sides of foe gate region by etching. This process is 
simple and width and height of foe spacers depend on foe height of foe gate stack and foe 
thickness of foe dielectric layer deposited. 

From foe above it is clear that foe best results with respect to reduction of foe 
depletion layer effect are obtained if foe semiconductor region, e.g. foe polysilicon, is . 
completely consumed during foe formation of foe compound of foe metal and foe further 
semiconductor material. 

In a favorable embodiment the formation of foe compounds between foe metal 
and foe semiconductor material and foe metal and foe further semiconductor material is done 
in two separate heating steps, foe first heating step resulting in an intermediate compound 
with a lower content of foe semiconductor material or foe further semiconductor material and 
a second heating step in which foe intermediate compound is converted into foe compound 
having a higher content of foe semiconductor material or of foe further semiconductor 
material. Thus, in case of a silicon MOST and a Cobalt metal layer, foe intermediate 
compound will be e.g. CoSi while foe compound will be CoSi 2 . The sheet resistance of foe 
latter material is considerably smaller than that of foe former, which clearly is an important 

advantage. Preferably, a part of foe metal layer which has not reacted to form foe 
intermediate compound is removed by etching between foe first and foe second heating step. 

In another favorable modification a layer of foe further semiconductor 
material, i.e. a polysilicon layer in case of a silicon MOST, is deposited on foe surface of foe 
semiconductor body between foe two heating steps. During foe second thermal treatment this 
layer, which is e.g. 5 to 10 nm thick, acts as a source of silicon for foe formation of e.g. CoSi 2 
from the CoSi. Therefore, foe deposition of this layer relieves constraints of foe thickness of 
the poly-silicon consumable gate, i.e. foe semiconductor silicon region of the gate. The 
unreacted part of e.g. foe polysilicon layer is removed after foe second heating step. This may 
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be done either by a selective dry or wet etch or by oxidation and subsequent removal of the 
resulting oxide by a etching agent based on HF. 

Preferably the spacers are removed after formation of the compounds of the 
metal and the semiconductor material and of the metal and the further semiconductor 
5 material. In this way the resulting structure remains relatively planar. In general silicon is the 
preferred material for the semiconductor material and the further semiconductor material 
while the intermediate compound and the compound are formed by silicides. Silicon is 
presently the most widely and successfully used material within the semiconductor industry. 
A semiconductor device comprising a field effect transistor obtained with a method 
10 according to the present invention offers the important advantages already described in the 
preceding part of the description. 



These and other aspects of the invention will be apparent from and elucidated 
1 5 with reference to the embodiments described hereinafter, to be read in conjunction with the 
drawing, in which 

Figs 1 through 6 are sectional views of a semiconductor device at various 
stages in the manufacture of the device by means of a method in accordance with the 
invention, 

20 Figs 7 and 8 are sectional views of a semiconductor device at various stages 

in the manufacture of the device by means of a modification of the method in accordance 
with the invention, and 

Fig 9 shows the sheet resistance as a function of the thickness of the 
semiconductor region of the gate of a device manufactured by a method in accordance with 

25 the invention. 

The figures are diagrammatic and not drawn to scale, the dimensions in the 
thickness direction being particularly exaggerated for greater clarity. Corresponding parts are 
generally given the same reference numerals and the same hatching in the various figures. 

30 

Figs 1 through 6 are sectional views of a semiconductor device at various 
stages in the manufacture of the device by means of a method in accordance with the 
invention. The device 10 (see fig. 1) comprises a semiconductor body 1 which, in this case, is 
made of silicon but which may alternatively be made on another suitable semiconductor 
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material. The starting point for the body 1 is a p-type silicon substrate 1 1 in which a n-type 
so-called well 12 is formed. In the body 1 isolation regions 13 - so-called trenches - of 
silicondioxide are formed. Subsequently on the surface of the silicon body 1 a gate oxide 5 is 
formed by thermal oxidation. Then a semiconductor layer 4A, here a polycrystalline silicon 
5 layer, is formed by CVD (= Chemical Vapor Deposition) on top of which a sacrificial layer 
4B is deposited also by CVD and in this example of silicoimitride, a material which may be 
selectively removed from the underlying polycrystalline silicon material 4 A. A mask 1 1 1 is 
then formed on top of the stack at the position of the gate 4 to be formed. 

Subsequently (see fig. 2) both the siliconnitride layer 4B and the 

10 polycrystalline silicon layer 4A are removed outside the area of the mask 1 1 1 by which step a 
gate stack 4 is formed comprising gate oxide 5, polycrystalline region 4A and sacrificial 
region 4B. The thickness of the region 4A was chosen to be 40 nm and that of the sacrificial 
region 4B was chosen to be 60 nm. The thickness of the gate stack 4 thus is made 
approximately equal to 100 nm that corresponds to the height in a standard CMOS process 

1 5 for sub 1 00 nm devices. 

Next (see fig. 3) shallow n-type implantation's 2B,3B are made to form the 
LDD (= Lightly Doped Drain) extensions of the source and drain regions 2,3 of the MOSFET 
to be formed. Next a high energy p-type - so called HALO - tilted implantation is done, 
which is not separately shown in the drawing and which is done in order to raise the channel 

20 doping et the LDD edge. Then spacers 6 are formed as follows. A dielectric layer 6 of 

silicondioxide is deposited by means of CVD over the device 10 thus covering the gate stack 
4. The thickness of the dielectric layer 6 in this example amounts to 90 - 100 nm. Then by 
means of dry etching the deposited layer is again removed such that the surface of the body 1 
at both sides of the gate stack 4 as well as the upper surface of the sacrificial region 4B are 

25 made free. Due to the isotropic nature of the etching, spacers 6 of silicondioxide remain 

attached to the side faces of the gate stack 4. Now deeper n+ type implantation's 2A,3A are 
done in order to complete source and drain 2,3 formation. The semiconductor body is then 
annealed at a temperature of 1000 to 1 100 degree Celsius in order to activate the source and 
drain implantation's 2A,2B,3A,3B. Fig. 3 shows all these steps in one single picture. 

30 Subsequently (see fig. 4) the sacrificial region 4B of the gate stack 4 is 

removed by selective etching. Etching is done in this example by means of wet etching using 
hot phosphoric acid as an etchant for the siliconnitride of region 4B In this way the etching is 
not only selective with respect to the polycrystalline region 4A but also with respect to the 
silicondioxide of the spacers 6 and a thin thermal oxide which may be present on the surface 
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of the semiconductor body 1 on both sides of the gate stack 4. Next, a metal layer 7 is 
deposited over the structure 10. In this example the metal layer 7 comprises a 10 nm thick 
cobalt layer and a 8 nm thick titanium layer on top thereof. The function of the titanium layer 
may be to prevent shortcuts after the silicidation and to act as a barrier for and/or getter of 
oxygen. 

Next (see fig. 5) the device 10 is thermally treated in order to formed silicided 
regions 8, i.e. region 8A from a part of the source and drain 2,3 and region 8B from the 
polycrystalline region 4A. In this example the formation of silicided regions 8A,8B is done 
using two heating steps: a first one between 400 and 600 and here at about 540 degrees 
Celsius in which the cobalt layer 7 turns into CoSi. Next the unreacted titanium and the 
unreacted cobalt are removed by etching. Then a second heating step is done between 600 
and 900 and here at about 850 degrees Celsius. In this step the CoSi formed in regions 8 is 
converted into CoSi 2 . On the one hand now the regions 8A have a suitable thickness and on 
the other hand the polycrystalline region 4A becomes fully silicided region 8B. Thus, a 
depletion layer effect in the gate 4 is avoided. 

Finally (see fig. 6) the spacer 6 are removed by dry etching. The resulting 
structure 10 now is (again) relatively planar although the height of the gate stack 4 in 
intermediate stage of the manufacturing has been considerably larger than the resulting height 
of the gate 4. The manufacturing of the MOSFET is further completed by deposition of a pre- 
metal dielectric, e.g. of silicondioxide, followed by patterning thereof, deposition of a 
contact metal layer, e.g. of aluminum, again followed by patterning. The latter steps are not 
shown in the figure. 

Figs 7 and 8 are sectional views of a semiconductor device at various stages in 
the manufacture of the device by means of a modification of the method in accordance with 
the invention. Most of the steps of the method correspond to those of the previous example 
and for their description it is referred here to the above part of the description. The stages 
shown in figures 7 and 8 correspond to the stage of figure 5 in the previous example. After 
the first heating step (see figure 7) in which the metal layer 7 has reacted with silicon forming 
silicide regions 8A,8B comprising CoSi and after removal of the remaining titanium and 
cobalt not taking part in the reaction, a thin polycrystalline silicon layer 44 is deposited by 
means of CVD on top of the structure 10. The thickness of layer 44 may be in the range of 5 
to 10 nm. Next (see fig. 8) the second heating step is performed in which the CoSi is 
converted to CoSi 2 . The silicon layer 44 will be in this step at least partly consumed and the 
remainder thereof is removed by an etching step. In this way the requirement of an accurate 
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determination of the polycrystalline region 4A is mitigated. The importance of an accurate 
determination of the thickness of the polycrystalline region 4A in a method without the steps 
of the second example can be elucidated with reference to fig. 9. 

Fig 9 shows the sheet resistance as a function of the thickness of the 
5 polycrystalline region of the gate of a device manufactured by a method in accordance with 
the invention. Curve 90 which connects measuring point 91 shows the sheet resistance (p sh ) 
of regions 8 found in these experiments in function of the thickness (d) of the polycrystalline 
region 4A of the gate 4. Curve 92 corresponds with the sheet resistance of bulk CoSi 2 , which 
is equal to about 8 ohms/square, the sheet resistance of CoSi being higher. Thus is clear that 
10 in this example, the conditions of which correspond to those of the first embodiment 
described above, only for a thickness of the region 4A of about 40 nm, the desired full 
conversion to CoSi2 is realized. 

It will be obvious that the invention is not limited to the examples described 
herein, and that within the scope of the invention many variations and modifications are 
1 5 possible to those skilled in the art. 

For example, in stead of silicon nitride for the sacrificial region also other 
suitable materials or combination of materials may be used such as silicon oxynitride or an 
alloy of silicon and germanium. The spacers could (then) be made of another material than 
silicondioxide e.g. of siliconnitride. Furthermore in stead of a thermal oxide a deposited 
20 oxide could be used to form the gate dielectric. In a favorable modification, the gate 

dielectric comprises siliconnitride, preferably deposited by CVD, as this material is more 
stable with respect to the siliciding process. It is further noted that to form a silicide other 
metals may be used then cobalt like titanium or molybdenum. The siliciding could be done in 
one single step. The semiconductor body could be made of another semiconductor material 
25 such as GaAs or Germanium. In these cases still a polycrystalline or an amorf silicon gate 
could be used. 
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CLAIMS: EPO - °G 1 

2 0 \% 2002 




1 . Method of manufacturing a semiconductor device with a field effect transistor, 

in which method a semiconductor body of a semiconductor material is provided at a surface 
thereof with a source region and a drain region and with a gate region between the source 
region and the drain region and comprising a semiconductor region of a further 
5 semiconductor material and separated from the surface of the semiconductor body by a gate 
dielectric and with spacers adjacent to the gate region used for forming the source and drain 
regions, in which method the source region and the drain region are provided with a metal 
layer with which a compound is formed of the metal and the semiconductor material and the 
gate region is provided with a metal layer with which a compound is formed of the metal and 
10 the further semiconductor material, characterized in that before the spacers are formed, a 
sacrificial region of a material that may be selectively etched with respect to the 
semiconductor region is deposited on top of the semiconductor region, after the spacers have 
been formed, the sacrificial layer is removed by etching, and after removal of the sacrificial 
layer, a single metal layer is deposited contacting the source, drain and gate regions. 

15 

2 A method as claimed in claim 1, characterized in that the spacers are formed 

by depositing a layer of a dielectric material on top of the semiconductor body on which the 
gate region with the semiconductor region and the sacrificial region is present and by 
subsequently removing the deposited layer on top of and on both sides of the gate region by 
20 etching. 



3. A method as claimed in claim 1 or 2, characterized in that the semiconductor 
region is completely consumed during the formation of the compound of the metal and the 
further semiconductor material. 

4. A method as claimed in claim 1, 2 or 3, characterized in that the formation of 
the compounds between the metal and the semiconductor material and the metal and the 
further semiconductor material is done in two separate heating steps, the first heating step 
resulting in an intermediate compound with a low content of the semiconductor material or of 
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the further semiconductor material and a second heating step in which the intermediate 
compound is converted into the compound which has a higher content of the semiconductor 
material or of the further semiconductor material. 

5. A method as claimed in claim 4, characterized in that between the two heating 
steps, a part of the metal layer which has not reacted to form the intermediate compound is 
removed by etching. 

6. A method as claimed in claim 4 or 5, characterized in that between the two 
heating steps, a layer of the further semiconductor material is deposited on the surface of the 
semiconductor body. 

7- A method as claimed in claim 6, characterized in that after the second heating 
step, a part of the layer of the further semiconductor material which has not reacted to form 
the compound is removed by etching. 

8 - A method as claimed in anyone of the preceding claims, characterized in that 
after formation of the compounds of the metal and the semiconductor material and of the 
metal and the further semiconductor material, the spacers are removed. 

9 - A method as claimed in anyone of the preceding claims, characterized in that 
both for the semiconductor material and for the further semiconductor material silicon is 
chosen and the intermediate compound and the compound of the metal and the 
semiconductor material and the further semiconductor material are chosen to be a metal 
silicide 

10 - A semiconductor device comprising a field effect transistor obtained with a 
method as claimed in anyone of the preceding claims. 
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ABSTRACT: 

2 0 12. 2002 




The invention relates to a method of manufacturing a semiconductor device 
(10) with a field effect transistor, in which method a semiconductor body (1) of a 
semiconductor material is provided at a surface thereof with a source region (2) and a drain 
region (3) and with a gate region (4) between the source region (2) and the drain region (3) 
5 comprising a semiconductor region (4A) of a further semiconductor material and separated 
from the surface of the semiconductor body (1) by a gate dielectric (5) and with spacers (6) 
adjacent to the gate region (4) used for forming the source and drain regions (2,3), in which 
method the source region (2) and the drain region (3) are provided with a metal layer (7) with 
which a compound (8) is formed of the metal and the semiconductor material and the gate 
10 region (4) is provided with a metal layer (7) with which a compound (8) is formed of the 
metal and the further semiconductor material. The known method in which different metal 
layers are used to e.g. silicide source, drain regions and gate regions (2,3,4) has several 
drawbacks. 

A method according to the invention is characterized in that before the spacers 
1 5 (6) are formed, a sacrificial region (4B) of a material that may be selectively etched with 
respect to the semiconductor region (4 A) is deposited on top of the semiconductor region 
(4A), after the spacers (6) have been formed, the sacrificial layer (4B) is removed by etching, 
and after removal of the sacrificial layer (4B), a single metal layer (7) is deposited contacting 
the source, drain and gate regions (2,3,4). This method is on the one hand very simple as it 
20 uses only a single metal layer and few and straight-forward steps and compatible with 

existing (silicon) technology and on the other hand results in a (MOS)FET which does not 
suffer from a depletion layer effect in the fully silicided gate (4). 



Fig. 3 
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